Background: There is a wide variability in practice patterns on the use of inferior vena cava filters (IVCFs) among institutions, which is likely due to contrasting indication guidelines published by different professional societies. The aim of the present study is to report our healthcare system use of IVCF to: 1) determine practice patterns, 2) determine factors that may predict IVCF retrieval and 3) identify areas for improvement.
Introduction
In large academic medical centers, there are multiple disciplines and clinical scenarios that may require placement of inferior vena cava filters (IVCFs). Both the Society of Interventional Radiology (SIR) and the American College of Chest Physicians (ACCP) have released guidelines for IVCF use, with the ACCP guidelines being more stringent due to the lack of survival benefit supported by level I data (Tables  1 and 2 ) [1, 2] . Several publications have reported high rates of retrievable IVCF complications [3] [4] [5] . In response to these risks and low retrieval rates, the US Food and Drug Administration issued an updated safety alert in 2014 recommending that implanting physicians and clinicians responsible for the ongoing care of patients with retrievable IVCF consider removing the filter as soon as protection from pulmonary embolism is no longer needed (https://wayback.archive-it. org/7993/20161022044053/http://www.fda.gov/MedicalDevices/Safety/AlertsandNotices/ucm396377.htm). As a first step, the purpose of this study was to report our healthcare system use of IVCF to: 1) determine practice patterns, 2) determine factors that may predict IVCF retrieval and 3) identify areas for improvement.
Patients and Methods
Institutional review board approval was obtained to perform a retrospective review of hospital medical records of consecutive patients who had an IVCF placed by Vascular Interventional Radiology (VIR) between July 2014 and December 2015 at the Medical University of South Carolina.
Data collection
Patients who had an IVCF placed by VIR were identified by the inventory tracking data kept by the radiology business manager. Electronic medical records were reviewed in June Manuscript submitted July 25, 2018, accepted August 20, 2018 Lim et al J Clin Med Res. 2018;10(10):758-764 2016 and followed until August 2017. Data extraction included the following: patient demographics, referring services, presence of cancer, hematology consult prior to IVCF placement, indications for IVCF placement, types of IVCF placed, complications at insertion and for the duration the IVCF remained in situ, documentation of IVCF placement and instructions for retrieval on discharge summary (if applicable), discharge location, outpatient follow-up with hematology and time to IVCF retrieval and complications (if any). The type of IVCF placed (permanent versus retrievable) was at the discretion of VIR. Insertion indications were analyzed based on the established guidelines by SIR and ACCP [1, 2] .
Statistical analysis
Descriptive statistics were used on patients and IVCF demographics. Mean and range were used for continuous variables, whereas count and frequency (%) were presented for categorical variables. Patients who died or were discharge to hospice and those with permanent IVCF were not included in the analysis for retrieval rates. The odds ratio was used to compare the relative odds of IVCF retrieval given exposure to the variables of interest. The variables of interest were determined a priori to be hematology consultation pre-IVCF placement, type of services requesting IVCF placement (medical versus surgical), documented instruction for IVCF retrieval on the discharge summary and discharge location (home versus non-home). Statistical significance was determined using an α level of P < 0.05.
Results

Patient demographics
During the study period, 180 consecutive patients underwent IVCF placement by VIR at our institution with a 100% technical success rate. The average age at time of placement was 59.3 years (range: 19 -85 years), and 83 (46.1%) were male. The majority of IVCF placements were performed inpatient Table 3 . Only 13 (7.2%) patients had a hematology consult prior to IVCF placement.
Filter insertion indication and characteristics
Of the 180 IVCFs inserted successfully, 26 were permanent and 154 were retrievable. Overall, 109 (60.6%) IVCFs were placed for absolute indications as per both ACCP and SIR guidelines, 27 (15.0%) for relative indications as per SIR guidelines, 26 (14.4%) prophylactically and 18 (10.0%) with no clear indications. Demographics, insertion indication and discharge location for permanent and retrievable IVCF are summarized in Tables 4 and 5 , respectively.
Filter documentation and follow-up management
Of the 154 retrievable IVCFs, 22 patients died during their hospitalization or were discharged to home hospice. Of the remaining 132 cases, five cases were performed as an outpatient. The documentation of the presence of an IVCF was present in 118/127 (92.9%) discharge summaries. Outlined instructions for filter retrieval post-discharge were present in 20/124 (16.1%) cases; three IVCFs were removed during the same hospitalization. While many of the retrievable filters were placed because of an absolute contraindication (n = 71) or relative indication for high-risk of complication to anticoagulation (n = 13), 44 (55.7%) patients were initiated and discharged on a regimen of anticoagulant therapy in the same hospitalization.
Filter retrieval
Only 33 (25.0%) IVCFs were retrieved at a median interval of 162 days (range: 4 -1,053 days) at the time this study was completed (August 2017). Of the 23 patients that had IVCF placed prophylactically (excluding patients that died during their hospitalization or were discharged to home hospice), only nine (39.1%) IVCFs were retrieved.
Complications
One patient experienced immediate complication post-filter 
Surgical services n
Gynecology oncology 37 Neurosurgery 18
Trauma surgery 10
General/acute surgery 8
Gastroenterology surgery 7
Orthopedics 6
Surgical oncology 6
Renal transplant 4
Urology 4
Surgical intensive care unit 4
Ear, nose and throat 2
Vascular surgery 2
Cardiothoracic surgery 1
Heart transplant 1
Obstetrics 1
Thoracic surgery 1
Total 112 (62.2%) 
Predictors for filter retrieval
None of the factors of interest was found to be significantly associated with IVCF retrieval (Table 6 ).
Discussion
This study shows that about 60% of IVCF placements were compliant with both ACCP and SIR guidelines, whereas about 30% were placed for relative indications as per SIR guidelines alone. This is somewhat reassuring that the majority of IVCF placement was placed according to society guidelines. However, only 25% of retrievable IVCFs were removed. This is consistent with published studies with retrieval rates ranging from 12% to 45% [3] . Reasons for poor retrieval rates have been attributed to transition of care resulting in oversight, poor discharge documentation, poor provider-to-provider communication and poor follow-up management [6] [7] [8] . One Australian retrospective study found that the lack of hematology outpatient clinic follow-up was significantly associated with loss to follow-up [6] . This was further confirmed by Tao et al who estimated that in patients with thrombosis, a clinic follow-up were 6.7 times as likely to have their filter removed, as compared to those who did not have follow-up (P < 0.01) [9] . As such, there have been lots of studies that focused on improving overall retrieval rates with the use of IVCF followup clinics and personnel dedicated to ensuring follow-up care [8, [10] [11] [12] [13] . Such efforts have had varying success. Using an IVCF retrieval protocol with a multidisciplinary team approach, Inagaki et al improved the retrieval rate of IVCF from 11% to 54% [14] . In almost all of the studies looking at methods to improve retrieval rates, there are very limited studies looking at the importance of patient education in this setting. One study implemented a multidisciplinary quality improvement program that included initial verbal counseling and printed educational materials, correspondence after discharge and a hematology consultation. This approach was able to improve their IVCF retrieval rates from 23% to 45% [15] .
Despite all these efforts, the retrieval rate remains low. One possible reason could be transition of care. Tao et al reported that fewer than expected number of removals was seen in those referred to long-term care compared with those discharged home [9] . In our study, we failed to find a difference in IVCF retrieval rates in patients discharged home as compared to non-home (i.e. acute rehab, acute care hospital) but this is likely due to the low sample size. There is often a communication gap during institution transfer resulting in subop- Practice Patterns and Retrieval Rates of IVCF J Clin Med Res. 2018;10(10):758-764 timal follow-up and subsequent filter retrieval. Alternatively, patients may be discharged to relatives' home, thus making it difficult to locate these patients. This makes sense as ensuring that appropriate follow-up is dependent on being able to locate the patient. In our study, the documentation of IVCF placement was present in 92.2% of discharges summaries, but only 16.1% had outlined instructions for filter retrieval. It is possible that instructions given at time of discharge may prompt long-term care providers and/or patients to seek timely follow-up, whereas attempting to locate these patients post-discharge when their contact information is no longer up-to-date results in lost to follow-up. However, we failed to find a difference in IVCF retrieval rates when specific discharge instructions for IVCF retrieval were provided.
Even with best efforts in follow-up, studies have shown that retrieval rates remain low [16] . As part of a quality improvement project, the Vascular Surgery fellowship program at Walter Reed National Military Medical Center implemented a registry to track IVCFs placed to improve retrieval rates [16] . They were able to improve their follow-up rate to 94%. Even with a > 90% follow-up rate, around a third of IVCFs were not retrieved during the 38-month study period. Given these findings, it may be more beneficial to focus on appropriate indications for IVCF placement.
In our study, about a quarter of retrieval IVCFs were placed prophylactically or for no clear indication. Currently, the use of prophylactic IVCF is predominantly in the trauma, orthopedic and bariatric surgical populations; however, the benefits remain controversial. Using a propensity-matched cohort study, the Michigan Bariatric Surgery Collaborative published data from their statewide clinical registry and found that IVCF patients had significantly higher rates of venous thromboembolism (1.9% versus 0.74%; OR: 2.7; 95% CI: 1.1 -6.3; P = 0.027) and deep vein thrombosis (1.2% versus 0.37%, OR: 3.3; 95% CI: 1.1 -10.1; P = 0.039) than matched control patients [17] . Prophylactic IVCF placement was not associated with a reduction in the rate of PE (0.84% versus 0.46%; OR: 2.0; 95% CI: 0.6 -6.5; P = 0.232) [17] .
Hemmila et al analyzed trauma quality collaborative data from 2010 to 2014 and found that prophylactic IVCF placement had no effect on reducing trauma patient mortality, but was associated with an increase in DVT events (OR: 1.83, 95% CI: 1.15 -2.93, P = 0.01) [18] . Sarosiek et al performed a retrospective cohort study of patients who underwent IVCF placement at a level 1 trauma center and found no significant difference in survival in trauma patients with or without placement of an IVCF, whether in the presence or absence of venous thrombosis [19] . As such, they call for re-examination of IVCF use in this patient population [19] .
Similarly, in patients with traumatic brain injury, the authors of the Parkland Protocol, an algorithm for venous thromboembolism (VTE) prophylaxis after traumatic brain injury, noted that the rate of symptomatic PE at their institution remained similar, despite a change in their IVCF placement policy from very liberal to very restrictive [20] . As a result, they dropped their previous recommendations for prophylactic IVCF use in high-risk patients from their most recent iteration of the Parkland Protocol [20] . A recent meta-analysis of prophylactic IVCF efficacy found that no class I studies exist to support prophylactic IVCF use, and such use should be discouraged [21] . These studies support the recommendation by the American College of Chest Physicians against IVCF placement in high-risk patients without VTE [22] .
In contrast, the SIR recommends placement of IVCF in high-risk trauma, surgical and medical patients without VTE who have contraindications to standard DVT pharmacological prophylaxis [1] . Supporting this recommendation is a metaanalysis of eight controlled single institution studies in North America that found an association between IVCF placement and reduction of PE (relative risk: 0.20; 95% CI: 0.06 -0.70) and fatal PE (relative risk: 0.09; 95% CI: 0.01 -0.81) in the trauma patient population in whom filters were placed [23] . There was no significant difference in incidence of DVT (relative risk: 1.76; 95% CI: 0.50 -6.19) or mortality (relative risk: 0.70; 95% CI: 0.40 -1.23]) [23] . Given the variability of existing data, it is not surprising that hospital practice patterns vary widely from 0.6% to 9.6% in regard to prophylactic IVCF use in this population [18] .
A major concern in our study is the low retrieval rate for IVCFs placed for prophylactic indications with only 39.0% retrieved. One would assume that the percentage of retrieval attempts should be higher because nearly all should be retrieval candidates. This low retrieval rate strongly highlights the need for a proper vetting process for whether IVCF placement is needed. As there is currently insufficient evidence to support the use of IVCF for prophylactic indications and the often reported low retrieval rates, it may be best to avoid placement of such IVCFs for these indications.
This study shows that only 7% of patients had a hematology consult prior to IVCF placement. However, this could be explained by the possibility that patients that had a hematology consult ended up not having an IVCF placed. We were not able to track this group of people. A hematology consultation was associated with higher rates of IVCF documentation and was a significant predictor of retrieval attempts [24] . Although we did not find a difference in IVCF retrieval rates with hematology consultation in our study, we strongly emphasize the importance of the hematology consult service. Hematologists working collaboratively with VIR physicians tend to have heightened awareness of filter indication and complications, which translates into enhanced diligence in advocating for appropriate filter placement and removal.
Almost half of our patients resumed anticoagulation therapy before being discharged. As such, these patients qualified to have their filter removed during the hospitalization, which would help reduce the barrier of lost to follow-up. However, this creates a separate issue in terms of hospital reimbursement. IVCF retrieval on the same hospital admission would not increase reimbursement, whereas outpatient retrieval is reimbursed separately. Whether this contributes to the low rate of IVCF retrieval during the same hospitalization is unknown.
This study had a few limitations. This study was a retrospective chart review and was subjected to the accuracy of documentation by the medical and surgical teams. As we are a tertiary referral center, most of our patients are referred back to their local primary care providers for follow-up. Some of our patients could have had their filters removed locally; thus, these retrievals were not documented in our study, resulting in a low retrieval rate. In addition, this study only looks at IVCF placement by VIR due to availability of a departmental inventory tracking list. Other clinical services such as Vascular Surgery, Trauma Surgery and Interventional Cardiology are also involved in IVCF placement and were not reviewed in this study. The number of IVCF placed by these clinical services contributes to about 10-15% of total IVCF placed at our institution. Another limitation of this study is the small sample size that likely resulted in non-statistical significant predictors of IVCF retrievals.
Conclusions
Our study confirms that our institution is adhering to either ACCP and/or SIR guidelines for indication for IVCF placement but could improve on the prophylactic use of IVCF. More importantly, IVCF retrieval rates remain low at our institution. As a result of this study, we performed a root cause analysis and identified that the lack of a structured system for IVCF tracking resulted in poor IVCF retrieval rates. This was brought to the attention of the Chief Quality Officer at our institution. With institutional support, a hospital-initiated multidisciplinary team comprising of Hematologist, Interventional Cardiologist, Vascular Interventional Radiologist, Intensivist and Vascular Surgeon has been created to develop a protocol to optimize filter placement and retrieval rates. An action plan was implemented, including creation of a shared database including pertinent patient information, standardization of follow-up protocol (three attempts to contact the patient by phone call, followed by mailed letter, all documented in electronic medical records), creation of educational brochure to be given to the patient or family member when obtaining informed consent, and monthly analysis of the data. The outcome of this action plan will be analyzed for future studies.
